ELECTRON MICROSCOPE STUDY OF MITOCHONDRIAL 60S AND CYTOPLASMIC 80S RIBOSOMES FROM LOCUSTA MIGRATORIA by Kleinow, W. et al.
ELECTRON  MICROSCOPE  STUDY  OF 
MITOCHONDRIAL  60S  AND  CYTOPLASMIC  80S 
RIBOSOMES  FROM  LOCUSTA  MIGRATORIA 
W.  KLEINOW,  W.  NEUPERT,  andF.  MILLER 
From  the  lnstitut  fiir Physiologische Chemie  und  Physikalische  Biochemie, and  the  lnstitut  ffir 
Zellbiologie, Universit~it Miinchen, 8 Mtinchen 2, Germany 
ABSTRACT 
Purified  mitochondrial  ribosomes  (60S)  have  been  isolated  from  locust  flight 
muscle.  Purification  could  be  achieved  after  lysis  of mitochondria  in  0.055  M 
MgCl~.  Mitochondrial  60S  and  cytoplasmic 80S  ribosomes  were  investigated  by 
electron  microscopy in tissue sections,  in sections of pellets  of isolated  ribosomes, 
and  by negative  staining  of ribosomal  suspensions.  In negatively stained  prepara- 
tions,  mitochondrial  ribosomes  show  dimensions  of  ~270  ×  210  ×  215  /~; 
cytoplasmic ribosomes measure  ~295  ×  245  ×  255/~.  From these values a volume 
ratio  of mitochondrial  to cytoplasmic ribosomes  of 1 : 1.5  was estimated.  Despite 
their  different  sedimentation  constants,  mitochondrial  ribosomes  after  negative 
staining  show a  morphology similar to that  of cytoplasmic ribosomes.  Both types 
of particles  show  bipartite  profiles  which  are  interpreted  as  "frontal  views"  and 
"'lateral  views."  In contrast  to  measurements  on  negatively  stained  particles,  the 
diameter  of  mitochondrial  ribosomes  in  tissue  sections  is  ~  130  /~,  while  the 
diameter  of cytoplasmic ribosomes  is  ~  180  200/~.  These data  suggest a  volume 
ratio of mitochondrial to cytoplasmic ribosomes of 1 : 3. Subunits of mitochondrial 
ribosomes  (40S  and  25S)  were  obtained  by  incubation  under  dissociating  condi- 
tions  before  fixation  in  glutaraldehyde.  After  negative  staining,  mitochondrial 
large  (40S)  subunits  show  rounded  profiles  with  a  shallow  groove on  a  flattened 
side  of  the  profile.  Mitochondrial  small  subunits'(25S)  display  elongated, 
triangular  profiles. 
INTRODUCTION 
We have described the isolation of ribosomes from 
the  mitochondria  of thoracic  muscle  of Locusta 
migratoria  (1,  2).  These  ribosomes  carry nascent 
peptide chains into which radioactive amino acids 
are  incorporated  in  vitro as well  as in vivo in the 
presence  of cycloheximide (1,  2).  The  ribosomes 
show a  sedimentation  constant of about 60S with 
all  preparative and analytical methods used  in our 
experiments,  provided  that  a  dissociation  into 
subunits  was  avoided.  In  magnesium-free  gradi- 
ents  the  ribosomes  dissociate  into  subunits  with 
sedimentation  constants of 40S and 25S (2). After 
dissociation the 40S subunits carry nascent peptide 
chains, a finding characteristic for large ribosomal 
subunits (1). RNA species  with apparent tool wt of 
520,000  and  280,000  could  be  isolated  from  the 
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the 60S  ribosomes and from whole purified mito- 
chondria (3, 4). The proteins from the 40S and 25S 
subunits display  different electrophoretic patterns 
(2). The mitochondrial ribosomes constitute 2-5% 
of  total  cellular  ribosomes.  They  can  be  clearly 
distinguished from cytoplasmic ribosomes by sedi- 
mentation  velocity,  size  of ribosomal  RNA,  pro- 
tein composition, and sensitivity against chloram- 
phenicol and cycloheximide (1, 2, 4). In this paper 
we  report  that  mitochondrial  ribosomes,  despite 
their  unusual  low  sedimentation  constant,  show 
morphological  features  very  similar  to  those  of 
undissociated 80S cytoplasmic ribosomes from the 
same tissue. 
MATERIALS  AND  METHODS 
Preparation of Ribosomes 
Locust thoracic muscle mitochondria were  prepared 
and  purified  as  described  (2).  The  mitochondria were 
suspended in a  buffer containing 0.1  M  NH4C1,  0.1  M 
MgCI2  and 0.03  M  Tris-HC1,  pH  7.6.  Lysis was  per- 
formed in 0.055 M  MgCI2 by adding the same volume of 
5% Triton X-100 in AMT. ~ Concentration of mitochon- 
dria during lysis was 2.0-2.5 mg mitochondrial protein/ 
ml.  In  other experiments lysis  was  performed  in  2.5% 
Triton X-100 in a  buffer containing 0.3 M  NH4CI, 0.01 
M MgCI~, and 0.03 M Tris-HCL, pH 7.6. In this case the 
lysate  was  kept  frozen  over  night  at  -80°C.  After  a 
clarifying spin (30 min at 24,000 g) the ribosomes were 
sedimented by centrifuging for 90 min at  144,000 g. The 
crude ribosomal pellets were resuspended in AMT. After 
a  further  clarifying  spin  (10  rain  at  24,000  g)  the 
ribosomal  suspensions  were  placed  on  top  of  sucrose 
gradients made up as described (1, 5) and centrifuged for 
5 h at 286,000 g. The contents of the tubes were pumped 
through a 5-ram flow cell (50-#1 volume). The absorhance 
at 260 nm was recorded with a Zeiss PMQ 11 spectropho- 
tometer  (Carl  Zeiss,  Inc.,  Oberkochen,  W.  Germany) 
and  fractions  of  0.39  ml  were  collected  with  a  LKB 
Ultrorac  (LKB  Produkter,  Stockholm,  Sweden).  The 
gradients were  fractionated and the absorbancy at  260 
nm was recorded. The fractions containing the 60S peak 
were pooled  and dialysed  for  16-18  h  against a  buffer 
containing 1 M  methanol, 0.002 M  MgCI~  and 0.03 M 
Tris-HC1, pH  7.6 (6).  All steps of the preparation were 
carried out between 0°-4°C. 
For the preparation of fixed subunits, mitochondrial 
ribosomes were dissociated by incubation for 5 min either 
l Abbreviations used in this paper: AMT,  buffer made 
of  0.1  M  ammonium  chloride,  0.01  M  magnesium 
chloride,  0.03  M  Tris-HCl,  pH  7.6;  EDTA,  ethylene 
diamine tetraacetate; TCA, trichloroacetic acid. 
at 37°C in a magnesium-free buffer or at 4°C in a buffer 
containing no magnesium  but 4  mM  EDTA.  Immedi- 
ately before gradient centrifugation, 0.2 ml of ribosomal 
suspension containing ca. 2.0 absorbancy 260-nm units of 
ribosomal material was mixed with 2 vol of the fixative 
(7). The fixative was prepared just before use by adding 1 
ml 25% glutaraldehyde to 6 ml AMT and 3 ml 1 M Tris. 
Centrifugation  was  performed  as  in  the  case  of  60S 
ribosomes except that the gradients contained no magne- 
sium.  The  fractions  containing  the  40S  and  the  25S 
subunits were  collected  separately  and dialysed  as  de- 
scribed  for  the  undissociated  ribosomes.  Fixed  60S 
ribosomes were prepared likewise except that the incuba- 
tion,  before  fixation  and  gradient  centrifugation,  was 
omitted. 
Cytoplasmic  ribosomes  were  prepared  as  reported 
previously  (2).  The  80S-region  from  the  gradient  was 
collected  and  dialysed  as  described  for  mitochondrial 
ribosomes. For negative staining, the optical density of 
the preparations was adjusted to 0.2-0.4 A~6o-units/ml 
with dialysis buffer. 
Fixation of Muscle Tissue and 
Ribosomal Pellets 
Dorsal  median  longitudinal  flight  muscles  of  L. 
migratoria 1-3 days after imaginal molt were fixed in situ 
in a slightly stretched state in 3% glutaraldehyde in 0.1 M 
cacodylate buffer, pH 7.3. The tissues were transferred to 
fresh fixative after hardening for 24-36 h,  rinsed over- 
night in cacodylate buffer containing 0,22 M sucrose, and 
postfixed in 2% OsO, in 0.1 M cacodylate buffer, pH 7.3, 
for  I  h.  Pieces  of muscle  were  also  fixed  in  buffered 
potassium permanganate (8), pH 6.8,  for 2 h. 
Small isolated bundles of muscle fibers were fixed for 
2 h in 4% formaldehyde (freshly prepared from parafor- 
maldehyde) in 0.1  M S~Jrensen phosphate buffer, pH 7.2, 
rinsed  for  l  h  in  the  same  buffer,  incubated  in  0.1% 
RNase  (Boehringer and  Soehne,  Mannheim,  W.  Ger- 
many), pH 6.5, at room temperature for 1.5 h, rinsed in 
5%  TCA  for  30  rain  at  4°C,  and  washed  in  distilled 
water. 
To obtain ribosomal pellets, 60S and 80S ribosomes 
were  collected  from  sucrose  gradients  diluted  20-fold 
with  AMT  and  centrifuged  at  144,000  g  for 2  h.  The 
pellets  were  fixed  in  2%  OsO4  in  distilled  water.  All 
samples  were  dehydrated  in  ethanol and  embedded  in 
Epon 812 (9). Thin sections were cut on a LKB-ultrotome 
Ill  (LKB  Produkter,  Stockholm,  Sweden)  with  dia- 
mond knives, collected on grids covered with parlodion 
and  carbon  films,  and  stained  with  7%  magnesium 
uranyl acetate (10) and lead citrate (11). 
Negative Staining 
Holey parlodion films were prepared after Drahog and 
Delong (12),  picked up on 300-mesh copper grids, and 
reinforced by  a  thick  layer  of carbon. The grids were 
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carbon was again evaporated at l0  ~ torr onto them. The 
grids  were  then  rinsed  for  2  days  in  amylacetate  to 
remove  the  parlodion  films.  A  drop  of  the  ribosome 
suspension was deposited on the grid and removed with 
filter paper after 1-5 rain. A drop of 2% uranyl acetate of 
uncorrected  pH  was  immediately  placed  on  the  grid 
before  the  film  had  dried.  0.5-1.0  ul  of 0.015%  oc- 
tadecanol in hexane (wt/vol) was applied to the surface 
of the stain droplet with a microliter syringe (13) and the 
stain withdrawn with filter paper. The procedure usually 
gave a  homogeneous distribution of the particles and a 
good spreading of the stain. 
Electron Microscopy 
Micrographs were taken in a  Siemens Elmiskop  101 
operated at 80 KV and equipped with a thin, self-cleaning 
50-tzm objective aperture and a cooling device, on ilford 
EM  6  plates  (llford  Ltd.,  ilford  Essex,  England)  at 
direct magnifications of 10,000-40,000  for sections and 
80,000  100,000  for  negatively  stained  material.  The 
specimen side of the grid faced the viewing screen and the 
plates  were  printed  with  the  emulsion  side  facing the 
bromide paper. The magnification was calibrated with a 
cross-linked  grating  replica  provided  with  2,160 
lines/ram  (E.  Fullam,  Schenectady,  N.Y.),  About  50 
measurements were made on prints at a final magnifica- 
tion of 280,000 for each type of particle. 
RESULTS 
Sedimentation Pattern of 
Unfixed Ribosomes 
Fig.  1  shows  gradient  profiles  (absorbancy  at 
260 nm) of unfixed ribosomes from locust thoracic 
muscle. In Fig.  1 A  a  preparation ofmitochondrial 
ribosomes is shown which was obtained after lysis 
of  mitochondria  in  AMT  (2).  The  60S  peak 
contains the undissociated 60S ribosomes; in addi- 
tion,  a  small  amount  of 40S  subunits  is  present. 
The  ribosomes in  the 60S  peak  are contaminated 
by  a  protein  particle  which  was  described  previ- 
ously  and  called  "Mx"  (2).  Therefore procedures 
were developed  in order to prepare mitochondrial 
ribosomes free of the contaminating protein. 
The mitochondrial ribosomes shown in the gra- 
dient  in  Fig.  i  B  were  obtained  after  lysis  of 
mitochondria  in 0.055  M  MgCI2.  In this gradient 
the mitochondrial ribosomes appear to be partially 
dissociated.  Three  peaks  are  prominent. The  60S 
peak  represents  the  undissociated  mitochondrial 
ribosome; the 40S and 25S peaks correspond to the 
large and small subunits. 
The  subunit peaks are  much higher than in the 
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FIGURE  1  Gradient profiles  of unfixed  mitochondrial 
and cytoplasmic ribosomes. The shadowed areas repre- 
sent  material  used  for electron microscopy.  (A)  Mito- 
chondrial ribosomes prepared after lysis of mitochondria 
in  AMT  (magnesium  containing gradient).  (B)  Mito- 
chondrial ribosomes prepared after lysis of mitochondria 
in 0.055 M  MgCI2 (magnesium containing gradient). (C) 
Mitochondrial  ribosomes  prepared  after  lysis of mito- 
chondria in 0.055  M  MgCI2 (magnesium-free gradient). 
(D) Cytoplasmic ribosomes (magnesium containing gra- 
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nation Mx is greatly diminished by this procedure. 
This is shown more clearly in Fig. 1 C. In this case, 
mitochondrial  ribosomes  prepared  after  lysis  of 
mitochondria in 0.055  M  MgCI2 were centrifuged 
on a  magnesium-free gradient. The ribosomes are 
completely dissociated and no Mx is present in the 
60S  region.  If,  on  the  other  hand,  ribosomes 
prepared  as  in  Fig.  1  A  are  centrifuged  in  a 
magnesium-free  gradient,  the  particle  Mx  still 
appears in the 60S region (2). 
Gradient  profiles  of  ribosomes  obtained  from 
lysates of mitochondria after freezing at -80°C in 
0.3  M  NH~CI are similar to the profile shown in 
Fig.  1  B.  The  absence  of  Mx  could  also  be 
demonstrated. 
Cytoplasmic  ribosomes are  shown  in  Fig.  1 D 
and E. In a magnesium-containing  gradient, essen- 
tially one peak  is visible (Fig.  1 D).  It represents 
the  80S cytoplasmic ribosomes.  In a  magnesium- 
free gradient (Fig.  I E) the cytoplasmic ribosomes 
dissociate  into  the  60S  and  40S  subunits.  The 
material used for electron microscope examination 
is marked by the shadowed areas in Fig. 1 B and D. 
The degree of purification of the different ribo- 
somal preparations was also checked by recording 
the absorption spectra between 320 and 230 nm. In 
Table I the absorption ratios of mitochondrial and 
cytoplasmic ribosomes at 260 nm/280 nm and 260 
dient). (E) Cytoplasmic ribosomes (magnesium-free gra- 
dient). 
nm/240  nm  are  listed  for  different  steps  of the 
purification procedure. The relative absorbancy at 
280 nm depends on the amount of protein associ- 
ated  with the  ribosomes.  The  absorbancy around 
240  nm is also  a  measure  of the  protein content 
(14);  in  addition,  aggregation  of  ribosomes  and 
contamination with membrane fragments and with 
residual Triton X-100 may increase the absorption 
in this region.  As can be seen  from  Table  I,  the 
absorption ratios of mitochondrial ribosomes pre- 
pared  in  0.055  M  MgCI~  approach  those  of 
cytoplasmic ribosomes. In contrast, mitochondrial 
ribosomes prepared by lysis in AMT display much 
lower  ratios.  In  all  cases  gradient  centrifugation 
improves the purity. 
Sedimentation  Pattern of 
Fixed Ribosomes 
For the demonstration of ribosomal subunits by 
negative  staining, the  particles were  treated  with 
glutaraldehyde  before  centrifugation.  This  was 
done because it was observed that unfixed subunits 
tend to clump together on the grid. With regard to 
undissociated mitochondrial ribosomes no differ- 
ence  in  morphology  between  unfixed  and  fixed 
particles was observed; hence, we assume that this 
holds true also for isolated subunits. 
Gradients of fixed mitochondrial ribosomes are 
shown  in  Fig.  2.  In  these  experiments the  ribo- 
somes  were  prepared  in  0.055  M  MgCI2  and 
centrifuged in magnesium-free gradients. The ribo- 
somes in Fig. 2 A were treated with glutaraldehyde 
TABLE  I 
Spectral Data of Ribosomal Suspensions  after Different  Purification  Steps 
Mitochondrial  Ribosomes  Cytoplasmic  Ribosomes 
260/280  260/240  260/280  260/240 
Crude ribosomes after lysis in 
medium containing  0.055 M 
MgCI2 
Crude ribosomes after lysis in 
medium containing  0.01 M 
MgCI2 
Ribosomes from gradient after 
lysis in 0.055 M MgCI2 
Ribosomes from gradient after 
lysis in 0.01 M MgCI2 
1.76 ±  0.11"  1.35 ± 0.14  Not determined 
1.48±0.14  1.15 ±0.12  1.79±0.09  1.38 ~: 0.12 
1.73 ± 0.15  1.68 ± 0.19 
1.64 ± 0.14  1.15 ± 0.28 
Not determined 
1.98±0.11  1.30±0.30 
Absorbancy ratios of 260 nm: 280 nm and 260 nm: 240 nm were calculated from spectra recorded with a Beckman DK 
IA spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.) 
* Standard deviation. 
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FIGURE 2  Gradient profiles of fixed mitochondrial ri- 
bosomes. The  ribosomes were prepared after  lysis of 
mitochondria in 0.055 M MgCI2; the gradients contained 
no magnesium. The shadowed areas represent material 
used  for  electron  microscopy.  (A)  Ribosomes were 
resuspended in 0.004 M  EDTA before treatment  with 
glutaraldehyde.  (B)  Ribosomes were resuspended  in 
AMT before treatment with glutaraldehyde. 
after incubation under dissociating conditions (see 
Material and Methods), whereas in Fig. 2 B such 
an incubation step was omitted. Gradient centrifu- 
gation  of  ribosomes  treated  in  the  first  way 
resolves  subunits  which  were  used  for  electron 
microscope studies. The efficiency of the fixation 
procedure  is  demonstrated  by  centrifugation of 
ribosomes  which  were  treated  with  the  fixative 
under  nondissociating  conditions;  in  this  case, 
essentially 60S ribosomes are present in the gradi- 
ent  (Fig.  2  B).  This  is  in  contrast  to  unfixed 
mitochondrial  ribosomes  which  are  completely 
dissociated under such  conditions (Fig.  I C). 
The experiment in Fig. 2 B illustrates also that 
the  preparation  of  mitochondrial  ribosomes  in 
0.055  M  MgCI2  does  not  lead  by  itself to  the 
marked dissociation into subunits observed in Fig. 
1 B.  It has to be assumed that treatment in 0.055 
M  MgCI2  renders  the  association  between  the 
subunits less  stable,  so  that the hydrostatic pres- 
sure  during centrifugation can  result  in the  dis- 
sociation  into  subunits. The  incubation of  ribo- 
somes  under dissociating conditions before  fixa- 
tion  and gradient centrifugation apparently does 
not lead to complete dissociation (Fig. 2 A). This is 
in contrast to the complete dissociation after cen- 
trifugation  of  unfixed ribosomes  in  magnesium- 
free gradients (Fig.  1 C). 
Ribosomes in Sections of 
Muscle Tissue 
Cytoplasmic  ribosomes  (mean  diameter: 
~180  200  /~)  lie between the  myofibrils and are 
densely  packed  around  mitochondria  (Fig.  3). 
Mitochondrial  ribosomes  (Fig.  3)  are  smaller 
(mean diameter ~ 130 ,~) and scattered irregularly 
in the matrix; they are quite numerous, but show 
no  preferential arrangement along mitochondrial 
membranes.  Glycogen  particles  (mean  diameter 
~  230 ,~) are located between the myofilaments of 
the  l-band at  both  sides  of the  Z-line. In tissue 
fixed  in potassium permanganate or digested with 
RNase (Fig. 4) the cytoplasmic and mitochondrial 
ribosomes are not visible. 
Pellets of Isolated  Ribosomes 
Sections of cytoplasmic (Fig. 5) and mitochon- 
drial (Fig. 6) ribosomal pellets show a homogene- 
ous distribution of particles without contamination 
by other cell constituents. The particles are slightly 
larger than in tissue sections, possibly because they 
are  not  constrained  by  other  tissue  components 
during fixation. The  mean diameter of cytoribo- 
somes is ~  200 ,~, of mitoribosomes ~  180 ~. 
Morphology of Negatively 
Stained Ribosomes 
CYTORIBOSOMES  FROM  THE  80S  PEAK: 
Among the  variety of roundish and oval profiles 
(Fig.  7),  several  predominate; selected  examples 
are shown in Fig. 8. 
Form  F  is  often  observed  and  has  an  oval 
outline. A dense band separates partially or com- 
pletely two  parts  of different size  (Fig. 8)  which 
correspond to ribosomal subunits. The small sub- 
unit is oblong and slightly curved; the large subunit 
is triangular with curved sides, and the base of the 
triangle faces the concave side of the small subunit. 
The small subunit is sometimes partitioned in two 
parts of different size by a faint dense line (Fig. 8) 
perpendicular to  the  band  separating  the  small 
from the large subunit; where this faint line abuts 
on the horizontal band, a dense spot is found off 
center with  equal  frequency to  the  left  or to  the 
864  THE  JOURNAL OF  CELL  BIOLOGY  •  VOLUME  62,  1974 FIGURE  3  Section of locust flight muscle. Numerous mitoribosomes (mr) are scattered irregularly in the 
matrix  of a  mitochondrion surrounded by cytoribosomes (cr) on both  sides.  Myofilaments are  at  right. 
Uranyl- and lead-stained.  ×  112,000. 
FIGURE  4  Section of locust flight muscle incubated in 0.1%  RNase, fixed in formaldehyde, and stained 
with  uranyl  and  lead.  Ribosomes  are  no  longer  visible  in  mitochondria  (rn)  and  in  the  surrounding 
cytoplasm.  ×  45,000. 
865 FIGURE  5  Section of pellet of cytoribosomes. Uranyl- and lead-stained,  x  120,000. 
FIGURE 6  Section of a pellet of mitoribosomes. Uranyl- and lead-stained.  ×  120,000. 
866  Tr~E JOURNAL OF  CELL BIOLOGY • VOLUME 62,  1974 FIGURE  7  General view of a field of negatively stained  cytoribosomes (80S). Forms F and L are indicated. 
×  240,000. 
right  side  of  the  ribosome  if  the  latter  is  so 
arranged  that  the  tip  of the  large  subunit  points 
downwards  (Fig. 8). 
These two aspects of form F correspond in most 
details  to  the  forms  of cytoribosomes  in  rat  liver 
described  by  Nonomura  et  al.  (15)  as  "left"  and 
"right-featured  frontal"  images. 
Form  L  (Figs.  7,  8)  corresponds  to  the  right 
lateral  and  left  lateral  views  of the  ribosomes  as 
described by Nonomura et al. (15).  Two segments 
are visible in these cases. The smaller one is either 
angular  or roundish;  the  larger one is shaped  like 
the hull of a  boat and joins the base of the smaller 
segment  with  its  upper  side.  The  small subunit  is 
displaced either to the right or to the left side of the 
large  subunit  if the  latter  is  oriented  with  its  tip 
KLEINOW ET  AL.  Mito- and Cytoribosomes from Locusta migratoria  867 FtGURE  8  Selected images of cytoribosomes. The images of the first  row and the first two images of the 
second  row are left-featured; the last three images of the second row are right-featured frontal images. The 
third row shows right-lateral, and the fourth row left-lateral images. The vertical arrows (first  and  second 
row) point to the partition in the small subunit.  The horizontal and oblique arrows point to the dense  spot 
located  between  the  subunits  in  frontal  images  or in  front  of the small subunit  in  lateral  images.  The 
horizontal dense band  between large and small subunit  is clearly visible in the right featured frontal images. 
×  400,000. 
pointing  downwards.  The  two  forms  are  enanti- 
omorphic  and  occur  with  equal  frequency.  No 
partition  is  visible  in  the  small  subunit;  a  stain- 
filled notch  is frequently  present  in  the  middle  of 
the  base of the large  subunit,  where it is joined to 
the small subunit  (Fig. 8). 
A  few  other  profiles  are  present  in  the  fields 
which may correspond to "top" views as described 
by  Vignais et  al.  (16).  However, an  unambiguous 
interpretation  is  difficult  and  must  await  the 
results  of tilting experiments  in progress. 
M1TORIBOSOMES  FROM  THE  60s  PEAK: 
Two main  forms are also found  in  mitoribosomal 
preparations  (Figs. 9,  10).  Form F  is observed fre- 
quently  and  differs  slightly  from  the  correspond- 
ing  profiles  of  cytoribosomes.  The  horizontal 
band between large and small subunit is not visible 
across  the  entire  width;  it  can  be  followed  only 
from one side to the dense spot located always off 
center.  The  band  is  seen  either  on  the  left  third 
or on the right third  of the ribosome profile when 
the  tip  of the  large  subunit  points downwards.  A 
partition of the small subunit was not observed. 
Form  L  (lateral  views)  occurs  rarely;  the  two 
enantiomorphic  aspects  do not differ significantly 
from those  of cytoribosomes. 
The dimensions  of negatively stained  cyto- and 
mitoribosomes are summarized  in Table If. Mito- 
ribosomes  are  generally  smaller  than  cytoribo- 
somes,  but  the difference  is less conspicuous than 
in  sections of muscle tissue. 
Subunits  of Mitoribosomes 
The  large  (40S)  subunit  (Figs.  11,  12)  appears 
most  frequently  as  a  roughly  triangular  profile 
868  THE  JOURNAL OF  CELL  BIOLOGY  •  VOLUME  62,  1974 FIGURE 9  General  view  of  a  field  of negatively  stained  mitoribosomes  (60S).  Forms  F  and  L  are 
indicated.  ×  240,000. 
with curved flanks resembling the hull of a boat. In 
Fig.  12 selected images are oriented in such a way 
that  the  side  connecting  to  the  small  subunit  in 
undissociated ribosomes faces upwards; this side is 
slightly concave and  stain accumulates sometimes 
in a shallow groove. Roughly circular profiles also 
Occur. 
The  small  (25S)  subunit  (Figs.  13,  14)  is  an 
elongate,  roughly  triangular  and  often  slightly 
curved  particle  with  one pointed  and  one  blunter 
end. One side is often convex and the other flat or 
concave. Particles with approximately rectangular 
circumference also occur. 
DISCUSSION 
Our  results  show  that  mitochondrial  ribosomes 
from Locusta,  in contrast  to their low sedimenta- 
tion  constant  of  60S,  reveal  morphological  lea- 
KLEINOW ET  AL.  Mito- and Cytoribosomes from Locusta migratoria  869 FIGURE  10  Selected images of mitoribosomes. The images of the first row and the first two images of the 
second row are left-featured; the last three images of the second row are right-featured frontal images. The 
third row shows right-lateral, and the fourth row left-lateral images. The oblique arrows point to the dense 
spot located between  the subunits in frontal images or in front of the small subunit  in lateral images. × 
400,000. 
TABLE  II 
Dimensions of Negatively Stained Ribosomes from 
Locusta migratoria Thoracic Muscle 
Cytoribo-  Mitoribo- 
softies  solncs 
Frontal view 
Total height  294 ~  18  271  ±  18 
Height of large subunit  185 ±  16  159 ±  16 
Height of small subunit  106 ±  15  103 ±  13 
Width along the cleft  245±21  210±  18 
between the subunits 
Lateral view 
Total height  294 ± 22  268 ± 25 
Height of large subunit  191  ±  16  157 ± 23 
Height of small subunit  104 ±  16  110 ±  19 
Width of large sabunit  257 ~  16  215 ± 28 
Width of small subunit  145 ±  19  140 ~  28 
Dimensions :~ standard deviation are in angstrom units; 
50  measurements  were  averaged  for  each  value;  for 
lateral views of mitochondrial ribosomes, only 20 mea- 
surements were evaluated. 
tures which are in general similar to those of other 
ribosomes studied with  the technique of negative 
staining (15-18). The pictures of particles found in 
negatively stained preparations are projections and 
depend on  the orientation of the particles on  the 
grid.  A  three-dimensional model  of cytoplasmic 
ribosomes from  rat  liver has been constructed by 
means  of tilting  negatively  stained  prep  rations 
during the observation in the electron microscope, 
a  procedure which  interconverts different projec- 
tions  (15),  The  finding  of similar  projections in 
both  cytoplasmic  and  mitochondrial  ribosomes 
from Locusta suggests that this model can also be 
applied  to  the  cytoplasmic  and  mitochondrial 
ribosomes  from  insects.  The  similarity  between 
cytoplasmic ribosomes  from  rat  liver  and  locust 
muscle seems to be very close. On the other hand, 
the  pictures  of the  mitochondrial  ribosomes,  be- 
sides showing general similarity, show some differ- 
ences. Thus,  typical  lateral  views are  rare  in  the 
mitochondrial preparations.  In  the  frontal  views 
~']0  THE  JOURNAL  OF  CELL  Blotocv  •  VOLUME  62,  1974 FIGURE  11  General view of a field of negatively stained large mitoribosomal subunits (40S). x  240,000. 
KLEINOW ET  AL.  Mito- and Cytoribosomes from Locusta migratoria  871 FIGURE 12  Selected  images of large mitoribosomal subunits. A shallow groove on the upper side (facing 
the small subunit) is visible in the last three images of the upper row. x 400,000, 
the  division between  the  subunits traverses  only 
one-half of the particle. Negative staining was used 
in studies of 55S particles from rat liver mitochon- 
dria by O'Brien and Kalf (19)  and by Aaij et al. 
(20).  The  latter  authors  described  a  partition 
interpreted as separation between large and small 
subunits. 
The preparations of negatively stained isolated 
large and small subunits of mitoribosomes show, 
first of all, that  both particle types from the 40S 
and  from  the  25S  peak  are  morphologically dis- 
tinct  and  not  interconvertible. The  shape  of the 
isolated large subunit agrees in general with that of 
ribosomes from other sources.  Rounded or semi- 
circular profiles have been described for the large 
subunit from rat liver cytoplasmic ribosomes (15, 
18)  and  for  mitochondrial ribosomes from  yeast 
(16).  We  were  not  able,  however,  to  identify a 
knoblike projection  as  described  for yeast  mito- 
chondrial large subunits (16). 
The isolated mitochondrial small subunits show 
a  greater  diversity. They  have,  in common with 
small  ribosomal  subunits  of  other  origin,  the 
elongated  appearance.  The  shape  of  the  small 
mitochondrial subunit, however, differs from that 
of  the  small  subunits  of  rat  liver  cytoplasmic 
ribosomes (15,  18) as well as from that of the small 
subunit  from  Escherichia  coli  ribosomes  (21). 
Besides showing forms resembling the arrowhead- 
shaped or tetragonal forms found in preparations 
of yeast mitochondrial subunits (16), the prepara- 
tions from Locusta display most frequently elon- 
gated  triangular forms. A  small subunit partition 
could not be observed, 
Further  examinations are  necessary  to  clarify 
whether this triangular shape of the small subunit 
is a peculiarity of mitochondrial 60S ribosomes, or 
whether  it  is  due  to  artifacts  produced  during 
dissociation or fixation. 
The comparison of the measurements on nega- 
tively stained cytoplasmic and mitochondrial ribo- 
somes  from  Locusta  (Table  II)  shows  that  the 
mitochondrial ribosomes are slightly smaller than 
the  cytoplasmic  ribosomes.  The  differences 
amount maximally to about  10-20% of the linear 
dimensions  of  the  particles.  Planimetry  of  the 
pictures  of cytoplasmic and  mitochondrial ribo- 
somes points to a volume ratio of 1.5:1. This is at 
variance with the large differences of the sedimen- 
tation constants and also with the large differences 
of the  molecular weights of the  ribosomal RNA 
species  from cytoplasm and mitochondria (4). On 
the other hand, the diameters of ribosomal parti- 
cles found in tissue sections after positive staining 
show  a  difference which  agrees  better with these 
analytical data. The proportion of the diameters of 
180  200:130 corresponds to a ratio of the particle 
volumes of about 3 : I. The diameter of mitoribo- 
somes in tissue sections of vertebrates (22) was also 
found to be in the same range (120  150 A) as here 
described  for  insects.  The  difference  in  size  be- 
tween  negatively  stained,  unfixed  particles  and 
positively  stained  particles  after  fixation  of  the 
whole muscle cannot be explained at the moment. 
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872  THE JOURNAL OF CELL BIOLOGY , VOLUME 62,  1974 FIGURE  13  General view of a field of negatively stained small mitoribosomal subunits (25S). x  240,000. 
KLEINOW ET  AL.  Mito- and Cytoribosomes from Locusta migratoria  873 FIGURE  14  Selected  images of small mitoribosomal  subunits.  Most  forms are  roughly triangular  and 
curved,  with  one  blunt  and  one  more  pointed  end.  The  last  two  images  in  the  second  row  show  a 
quadrangular profile.  ×  400,000. 
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